Using recent data from
Introduction
This special issue of the Journal of Productivity Analysis is devoted to honor the memory of Catherine Morrison-Paul, who died June 30, 2010 from complications resulting from leukemia. She was a leading expert in the measurement of productivity, production theory and resource economics, with over 60 journal articles to her credit. She was a long time contributor to this Journal. My own connection to Cathy dates back to working with her while she did her Ph.D degree at the University of British Columbia, which was completed in 1982. While I was not her thesis advisor (who was Keizo Nagatani), I worked closely with her because her thesis was on cost functions and duality theory. Cathy and I went on to work on research of mutual interest over the years with three published papers to show for our joint efforts. The first published paper was Diewert and Morrison (1986) and the present paper merely adapts the theory developed there in a relatively straightforward way. This first paper attempted to develop a production theoretic framework where the contributions of Total Factor Productivity (TFP) growth and changes in the terms of trade could be jointly evaluated in a welfare oriented framework. In this first paper, we used exact index number techniques in the context of a translog technology. In our second paper, Morrison and Diewert (1990a) , we addressed the same issues of TFP growth and the effects of changes in the terms of trade but we developed a nonparametric approach to these measurement issues that involved the use of averages of first order approximations to changes in various exogenous variables. In this second paper, we applied our first and second approaches to these measurement questions using Japanese data and showed that the two approaches agreed reasonably well. Finally, in our third paper, Morrison and Diewert (1990b) which appeared in the first volume of the Journal of Productivity Analysis, Cathy laid out a general methodological approach that she used in many of her previous and subsequent papers. The traditional index number approach to the measurement of TFP growth assumes competitive price taking behavior, no fixed inputs and constant returns to scale. Cathy showed how this traditional index number approach to TFP measurement could be modified to deal with the above complications, provided that one could use additional information obtained by the use of econometric methods to modify the traditional index number estimates.
Many observers have noted that an improvement in a country's terms of trade has effects that are similar to an improvement in a country's productivity growth. However, it is not straightforward to work out the exact magnitude of each source of gain. Diewert (1983) , Diewert and Morrison (1986) , Morrison and Diewert (1990a) and Kohli (1990) (2004) (2006) developed production theory methodologies which enable one to obtain index number estimates of the contribution of each type of gain. In particular, Kohli (2006) criticized the Diewert and Morrison (1986) approach to this problem if trade was not balanced. Methodologies that could deal with unbalanced trade were developed by Diewert, Mizobuchi and Nomura (2005) and Kohli (2004) (2006) and this approach will be followed in the present paper. Thus sections 2 and 3 below present the details of this exact index number methodology.
In Diewert (2013) , an annual data base for an Extended Business Sector (EBS) was developed for the U.S. economy for the years . This data base is described and it is used to calculate the Total Factor Productivity (TFP) growth 2 of the U.S. EBS for the years 1988-2011. A traditional user cost approach to the measurement of capital services was used in this section. Section 6 returns to the theoretical model developed in sections 2 and 3 and implements it using U.S. data; i.e., the real (gross) income generated by the U.S. business sector is decomposed into the product of 6 explanatory factors. Section 7 moves to a net income framework; i.e., depreciation is subtracted from gross output to form net output and real net income generated by the U.S. Extended Business Sector is decomposed into explanatory factors. Section 7 concludes.
The Production Theory Framework
In this section, we present the production theory framework which will be used in this paper. 3 The main reference is Diewert and Morrison (1986) . 4 Assume that the business sector of the economy produces quantities of M (net) 5 outputs, y  [y 1 ,...,y M ], which are sold at the positive producer prices P  [P 1 ,...,P M ]. We further assume that the business sector of the economy uses positive quantities of N primary inputs, x  [x 1 ,...,x N ] which are purchased at the positive primary input prices W  [W 1 ,...,W N ]. In period t, we assume that there is a feasible set of output vectors y that can be produced by the business sector if the vector of primary inputs x is utilized by the business sector of the economy; denote this period t production possibilities set by S t . We assume that S t is a closed convex cone that exhibits a free disposal property. 6 2 This is the term used by Jorgenson and Griliches (1967) used to describe a concept that is essentially output growth divided by input growth. The Bureau of Labor Statistics (1983) (2012) uses the equivalent term Multifactor Productivity (MFP) growth. 3 Diewert, Mizobuchi and Nomura (2005) , Diewert and Lawrence (2006) , Diewert and Yu (2012) and Cho, Kim and Schreyer (2012) have used variants of this methodology for Japan, Australia, Canada and Korea. 4 The theory also draws on Diewert (1983; 1077 -1100 , Kohli (1990 Kohli ( ) (2003 Kohli ( ) (2004 Kohli ( ) (2006 , Morrison and Diewert (1990a) , Fox and Kohli (1998) and Chapter 24 in the IMF, ILO, OECD, Eurostat, UNECE and the World Bank (2009).
5 If the mth commodity is an import (or other produced input) into the market sector of the economy, then the corresponding quantity y m is indexed with a negative sign. We will follow Kohli (1978 Kohli ( ) (1991 and Woodland (1982) in assuming that imports flow through the domestic production sector and are "transformed" (perhaps only by adding transportation, wholesaling and retailing margins) by the domestic production sector. The recent textbook by Feenstra (2004; 76) also uses this approach. 6 The assumption that S t is a cone means that the technology is subject to constant returns to scale. This is an important assumption since it implies that the value of outputs should equal the value of inputs in equilibrium. In our empirical work, we use an ex post rate of return in our user costs of capital, which forces the value of inputs to equal the value of outputs for each period. The function g t is known as the GDP function or the national product function in the international trade literature; see Kohli (1978 Kohli ( ) (1991 , Given a vector of output prices P and a vector of available primary inputs x, define the period t business sector GDP function, g t (P,x), as follows:
7
(1) g t (P,x)  max y {Py : (y,x)S t }.
Thus business sector GDP depends on t (which represents the period t technology set S t ), on the vector of output prices P that the business sector faces and on x, the vector of primary inputs that is available to the market sector.
If P t is the period t output price vector and x t is the vector of inputs used by the business sector during period t and if the GDP function is differentiable with respect to the components of P at the point P t , x t , then the period t vector of business sector outputs y t will be equal to the vector of first order partial derivatives of g t (P t ,x t ) with respect to the components of P:
where P C t > 0 is the period t consumption expenditures deflator and the business sector period t real output price p t and real input price w t vectors are defined as the corresponding nominal price vectors deflated by the consumption expenditures price index: 10 (6) p t  P t /P C t ; w t  W t /P C t ;
The first and last equality in (5) imply that the period t real income generated by the business sector,  t , is equal to the period t GDP function, evaluated at the period t real output price vector p t and the period t input vector x t , g t (p t ,x t ). Thus the growth in real income over time generated by the business sector can be explained by three main factors: t (Technical Progress or Total Factor Productivity growth) , growth in real output prices and the growth of primary inputs. Formal definitions for these three growth factors will be given below.
Using the linear homogeneity properties of the GDP functions g t (P,x) in P and x separately, it can be shown that the following counterparts to the relations (2) and (3) hold using the deflated prices p and w:
Define a family of period t productivity growth factors or technical progress shift factors (p,x,t):
Thus (p,x,t) measures the proportional change in the real income produced by the business sector at the reference real output prices p and reference input quantities used by the business sector x where the numerator in (9) uses the period t technology and the denominator in (9) uses the period t1 technology. Thus each choice of reference vectors p and x will generate a possibly different measure of the shift in technology going from period t1 to period t.
It is natural to choose special reference vectors for the measure of technical progress defined by (9): a Laspeyres type measure  L t that chooses the period t1 reference vectors 10 Our approach is similar to the approach advocated by Kohli (2004; 92) , except he essentially deflates nominal GDP by the domestic expenditures deflator rather than just the domestic (household) expenditures deflator; i.e., he deflates by the deflator for C+G+I, whereas we suggest deflating by the deflator for C. Another difference in his approach compared to the present approach is that we restrict our analysis to the market sector GDP, whereas Kohli deflates all of GDP. Our treatment of the balance of trade surplus or deficit is also different. [Deal with this earlier] 11 This measure of technical progress is due to Diewert and Morrison (1986; 662) . A special case of it was defined earlier by Diewert (1983; 1063 Since both measures of technical progress are equally valid, it is natural to average them to obtain an overall measure of technical change. If we want to treat the two measures in a symmetric manner and we want the measure to satisfy the time reversal property from index number theory 13 (so that the estimate going backwards is equal to the reciprocal of the estimate going forwards), then the geometric mean will be the best simple average to take.
14 Thus we define the geometric mean of (10) and (11) as follows:
At this point, it is not clear how we will obtain empirical estimates for the theoretical productivity growth indexes defined by (10)- (12); this problem will be addressed shortly.
We turn now to the problem of defining theoretical indexes for the effects on real income generated by the business sector due to changes in real output prices. Define a family of period s real output price growth factors (p t1 ,p t ,x,s):
Thus (p t1 ,p t ,x,s) measures the proportional change in the real income produced by the business sector that is induced by the change in real output prices going from period t1 to t, using the technology that is available during period s and using the reference input quantities x. Each choice of the reference technology s and the reference input vector x will generate a possibly different measure of the effect on real income of a change in real output prices going from period t1 to period t.
Again, it is natural to choose special reference vectors for the measures defined by (13) 12 Salter (1960; 30-31) defined similar Laspeyres and Paasche measures of technical change using cost functions instead of GDP functions. 13 See Fisher (1922; 64) . 14 See the discussion in Diewert (1997) on choosing the "best" symmetric average of Laspeyres and Paasche indexes that will lead to the satisfaction of the time reversal test by the resulting average index. 15 The theoretical productivity change indexes defined by (10)- (12) were first defined by Diewert and Morrison (1986; 662-663) in the nominal GDP context. 16 This measure of real output price change was essentially defined by Fisher and Shell (1972; 56-58) , Samuelson and Swamy (1974; 588-592) , Archibald (1977; 60-61) , Diewert (1980; 460-461) (1983; 1055) and Balk (1998; 83-89 Since both measures of real output price change are equally valid, it is natural to average them to obtain an overall measure of the effects on real income of the change in real output prices:
Finally, we look at the problem of defining theoretical indexes for the effects on real income due to changes in input quantities. Define a family of period t real input quantity growth factors (x t1 ,x t ,p,s):
Thus (x t1 ,x t ,p,s) measures the proportional change in the real income produced by the business sector that is induced by the change in input quantities used by the business sector going from period t1 to t, using the technology that is available during period s and using the reference real output prices p. Each choice of the reference technology s and the reference real output price vector p will generate a possibly different measure of the effect on real income of a change in input quantities going from period t1 to period t.
As usual, it is natural to choose special reference vectors for the measures defined by (17): a Laspeyres type measure  L t that chooses the period t1 reference technology and reference real output price vector p t1 and a Paasche type measure  P t that chooses the period t reference technology and reference real output price vector p t :
The Translog GDP Function and Exact Index Numbers
We now follow the example of Diewert and Morrison (1986; 663) and assume that the log of the period t (deflated) GDP function, g t (p,x), has the following translog functional form:
Note that the coefficients for the quadratic terms are assumed to be constant over time.
The coefficients of the above translog functional form must satisfy certain restrictions in order for g t to satisfy the appropriate regularity conditions that were listed earlier.
21 Diewert and Morrison (1986; 663) showed that 22 if g t1 and g t are defined by (22) above and there is competitive profit maximizing behavior on the part of all market sector producers for all periods t, then
where  t ,  t ,  t and  t are defined above by (21), (12), (16) and (20) respectively. In addition, Diewert and Morrison (1986; 663-665) showed that  t ,  t and  t could be calculated using empirically observable price and quantity data for periods t1 and t as follows:
Equations (23) are in rates of growth. It is possible to obtain counterparts to these equations in a levels form as follows. Thus we can express the level of real income generated by the business sector in period t in terms of an index of the technology level or 20 This functional form was first suggested by Diewert (1974; 139) as a generalization of the translog functional form introduced by Christensen, Jorgenson and Lau (1971) . Diewert (1974; 139) indicated that this functional form was flexible. 21 These restrictions may be found in Diewert (1974; 139) . 22 Diewert and Morrison established their proof using the nominal GDP function g t (P,x). However, it is easy to rework their proof using the deflated GDP function g of Total Factor Productivity in period t T (26), we can establish the following exact relationship for the level of real income generated by the business sector in period t,  t , and the period t levels for technology, real output prices and input quantities:
For some purposes, it is convenient to decompose the aggregate period t contribution factor due to changes in all deflated output prices  t into separate effects for each change in each output price. Similarly, it can sometimes be useful to decompose the aggregate period t contribution factor due to changes in all market sector primary input quantities  t into separate effects for each change in each input quantity.
We first model the effects of a change in a single (deflated) output price, say p m , going from period t1 to t. Counterparts to the theoretical Laspeyres and Paasche type price indexes defined by (14) and (15) above for changes in all (deflated) output prices are the following Laspeyres type measure  Lm t that chooses the period t1 reference technology and holds constant other output prices at their period t1 levels and holds inputs constant at their period t1 levels x t1 and a Paasche type measure  Pm t that chooses the period t reference technology and reference input vector x t and holds constant other output prices at their period t levels:
Under the assumption that the deflated GDP functions g t (p,x) have the translog functional forms as defined by (22) in the previous section, the arguments of Diewert and Morrison (1986; 666) Note that ln m t is equal to the mth term in the summation of the terms on the right hand side of (24). This observation means that we have the following exact decomposition of the period t aggregate real output price contribution factor  t into a product of separate price contribution factors; i.e., we have under present assumptions:
The above decomposition is useful for analyzing how real changes in the price of exports (i.e., a change in the price of exports relative to the price of domestic consumption) and in the price of imports impact on the real income generated by the market sector. In the empirical illustration which follows later, we let M equal three. The three net outputs are:
 Domestic sales (C+I+G);  Exports (X) and  Imports (M).
Since commodities 1 and 2 are outputs, y 1 and y 2 will be positive but since commodity 3 is an input into the market sector, y 3 will be negative. Hence an increase in the real price of exports will increase real income but an increase in the real price of imports will decrease the real income generated by the market sector, as is evident by looking at the contribution terms defined by (34) for m = 2 (where y m t > 0) and for m = 3 (where y m t < 0).
As mentioned above, it is also useful to have a decomposition of the aggregate contribution of input growth to the growth of real income into separate contributions for each important class of primary input that is used by the market sector. We now model the effects of a change in a single input quantity, say x n , going from period t1 to t. Counterparts to the theoretical Laspeyres and Paasche type quantity indexes defined by (18) and (19) above for changes in input n are the following Laspeyres type measure  Ln Since both measures of input change are equally valid, as usual, we average them to obtain an overall measure of the effects on real income of the change in the quantity of input n:
Under the assumption that the deflated GDP functions g t (p,x) have the translog functional forms as defined by (22) in the previous section, the arguments of Diewert and Morrison (1986; 667) can be adapted to give us the following result:
x n t1 /w t1 x t1 ) + (w n t x n t /w t x t )] ln(x n t /x n t1 ); n = 1,...,N.
Note that ln n t is equal to the nth term in the summation of the terms on the right hand side of (25). This observation means that we have the following exact decomposition of the period t aggregate input growth contribution factor  t into a product of separate input quantity contribution factors; i.e., we have under present assumptions:
Output and Input Aggregates and Conventional Productivity Growth for the U.S.
In Diewert (2013) , an annual data base for an Extended Business Sector (EBS) was developed for the U.S. economy for the years 1987-2011. The output concept for this EBS was defined to be the GDP of the entire economy in year t (at producer prices) less the gross value of housing services less general government value added. It is obvious that the general government sector does not engage in competitive profit maximizing behavior so it is natural to exclude this sector from the business sector. It is also natural to exclude the services of Owner Occupied Housing (OOH) since these services are imputed and are not based on profit maximizing behavior. However, the EBS concept also excluded the services of rented housing. The reason for this exclusion is that accurate information on the stock of rental housing and the value of the land that the rental stock sits on is not available so it was decided to exclude all residential housing services from the business sector concept.
Diewert (2013) lists price and quantity index data for the following net outputs of the ECB: C (personal consumption less housing services), I (investment), G (deliveries of goods and services to the general government sector t by the EBS), 8 classes of exports of goods, 9 classes of imports of goods, exports of services and imports of services. The source for these series was the Bureau of Economic Analysis (2012) (BEA). Diewert also constructed a price and quantity series for aggregate labor input L into the Extended Business Sector based on BEA information and information from the Bureau of Labor Statistics (2012) Productivity Program. Information from the BEA (2012) was used to construct series for 27 types of reproducible capital and inventory stocks used by the Extended Business Sector. Finally, information from the USDA (2012a) (2012b) and from the Board of Governors of the Federal Reserve (2012) was used to construct estimates for the price and quantity of agricultural and non-agricultural land used by the ECB. Thus in total, asset stocks used by the EBS for 29 different asset classes were constructed.
Denote the price indexes for consumption, investment and net deliveries of the EBS to the general government sector as P C t , P I t and P G t and denote the corresponding quantity indexes as Q C t , Q I t and Q G t . Define P D t , the year t price of domestic EBS production, as the chained Törnqvist price index of P C t , P I t and P G t . P D t is listed in Table 1 below and the corresponding implicit Törnqvist quantity index Q D t is listed in Table 2 below.
Define P X t as the chained export Törnqvist price index of the 9 export price series listed in Diewert (2013) The last rows of Tables 1 and 2 list the Geometric Average Growth (GAG) rate for each of the series in the corresponding column. We turn our attention to aggregate input series. Tables 1 and 2 above list Diewert's estimates for the price and quantity of EBS labour services, P L t and Q L t .
Denote P KW t as the beginning of the year t chained Törnqvist price index of the 29 EBS capital stocks listed in Diewert (2013) and Q KW t as the corresponding implicit quantity index. These indexes are also listed in Tables 1 and 2 respectively. The last column of It is necessary to explain how user costs of capital were constructed. Before doing this, it is useful to list various approximate tax rates that Diewert (2013) developed; see Table 3 below. The various taxes are defined as follows:  C t is the year t consumption tax;  MG t is the year t tariff rate on imports of goods;  L t is the year t tax rate on labor (income taxes plus social security contributions);  P t is the year t property tax rate on structures and business and agricultural land, 27  K t is the (stock) rate of business income taxation as a fraction of beginning of year t asset value and  BI t is the rate of business income taxation as a fraction of net operating surplus in year t. The last column of Table 3 also lists r t , the balancing after tax Internal Rate of Return in year t, which will be explained more fully below. The last row in Table 3 lists the arithmetic average of the various rates in each column. where the various price and quantity series were defined above. The resulting series of balancing real rates of return are listed in Table 3 above. It should be noted that r t can be interpreted as a real interest rate; i.e., it is the income earned by the business sector in year t relative to the starting capital stock, valued at the average investment prices for the period. This explains why we have not included a capital gains term in the user cost formulae defined by (41).
29 Denote P K t as the year t capital services price index, which is the implicit chained Törnqvist price index of the 29 user costs U n t with the capital stocks Q Kn t as the corresponding quantities and let Q K t be the corresponding direct chained Törnqvist capital services quantity index. 30 The aggregate price and quantity indexes for capital services, P K t and Q K t , are listed in Tables 1 and 2 . From the last row in Table 2 , it can be seen that the Geometric Average Growth (GAG) rate of capital services over the sample period was 2.66% per year, about 0.88 percentage points per year bigger than the corresponding rate of growth of the EBS capital stock, which grew at 1.78% per year. The higher rate of growth of capital services is explained by the fact that machinery and equipment capital stock components tend to grow more rapidly than structures components but the higher depreciation rates for M&E inputs leads to a higher user cost weight for M&E inputs and relatively lower user cost weights for structures as compared to the corresponding stock weights. Thus overall capital services grew more rapidly than the corresponding aggregate capital stock due to this differential weighting effect.
Once the labour and capital aggregates have been constructed, we can construct a direct Törnqvist quantity input aggregate of Q L t and Q K t which we denote by Q Z t , which is listed in Table 2 . The corresponding implicit aggregate input price index, P Z t , is listed in Table 1 .
The productivity level in year t of the U.S. Extended Business Sector, TFP t , is defined as the aggregate year t output, Q Y t divided by aggregate year t input, Q Z t :
31 29 We have essentially absorbed the capital gains (or losses) term into r t . 30 Note that output components of GDP were aggregated using direct chained Törnqvist price indexes whereas input components of GDP are aggregated using direct chained Törnqvist quantity indexes. The reason for this change is due to our desire to apply equations (24) and (25) see Chart 1 below. Our TFP growth in the EBS averaged 1.157% per year, somewhat higher than BLS MFP growth in the Private Sector which averaged 0.962% per year, a rate that is about 20% lower. Determining the exact causes of the differences is a task for future research.
34 32 The arithmetic average of the TFP growth rates for the entire period was 1.16% per year. For the 1987-1999 period, the arithmetic average of the TFP growth rates was 1.19% per year and for the 2000-2011 period, the arithmetic average of the TFP growth rates was 1.14% per year. 33 See the BLS (2012) or Table 32 in Diewert (2013) for the MFP t series. 34 The most likely sources of the differences are: (i) different scopes, in particular our exclusion of rented housing services (included in the BLS Private sector) and inclusion of the government enterprise sector (excluded in the BLS Private Sector) ; (ii) some unit value type aggregation bias in the aggregation of capital in the top down method (see the discussion in Jorgenson (2012; 12) , Jorgenson and Schreyer (2012) , Gu (2012) and Diewert (2012) on this source of bias); (iii) differing land series and (iv) different user cost formulae. Productivity growth is not necessarily the entire story behind the growth in living standards: if the price of U.S. exports increases more rapidly than the price of U.S. imports, then the real income generated by the business sector should increase. This terms of trade effect is not taken into account in the above productivity computations. Thus in the following section, we implement the translog real income methodology explained in sections 2 and 3 above and this approach will enable us to assess the contribution to U.S. living standards of changes in the U.S. terms of trade.
Explaining Real Income Growth Generated by the Extended Business Sector: the Gross Output Approach
The basic methodology used in this section was explained in sections 2 and 3 above but can be summarized as follows. The business sector faces exogenous domestic and international prices for the net outputs it produces: domestic outputs, exports and (minus) imports. The business sector also utilizes inputs of labour and capital in order to produce its outputs. The value of outputs produced by the business sector less the value of imports used (value added) must eventually flow back to the labour and capital primary inputs that were used to produce value added. This is the (gross) income generated by the business sector. We divide this gross income in year t by the price of consumption in year t, P C t , in order to turn this nominal income into real income equivalents  t ; 35 this real income is the number of consumption bundles that could be purchased by the owners of the labour and capital inputs that were used in year t by the U.S. Extended Business Sector. Divide each of the prices P D t , P X t , P M t , P L t and P K t by the price of consumption, P C t , in order to form the corresponding real output and input prices facing the business sector in each year.
There are six quantitative factors that can be used to explain the real income  t generated by the business sector in year t:
 The price of domestic production P D t (an aggregate of C+I+G) relative to the price of consumption in year t, P C growth in real income generated by the business sector,  t / t1 , into a product of six year to year explanatory contribution factors: 1988, 1963,...,2011. Thus if  D t is greater than one, this means that the domestic price of output grew faster than the price of consumption going from year t1 to t and  D t measures the contribution of rising real domestic output prices to the growth in real income. Similarly, if  X t is greater than one, this means that U.S. export prices grew faster than the price of consumption going from year t1 to t and  X t measures the contribution of rising real export prices to the growth in real income generated by the EBS. However, if if  M t is greater than one, this means that U.S. import prices did not increase as quickly as the price of consumption going from year t1 to t and  M t measures the contribution of falling real import prices to the growth in real income generated by the business sector. If  L t is greater than one, then business sector labour input increased going from year t1 to t and  L t measures the contribution of the increase in labour input to the growth in real income generated by the EBS. Similarly, if  K t is greater than one, then business sector (gross) capital services input increased going from year t1 to t and  K t measures the contribution of the increase in capital input to the growth in real income generated by the EBS. Finally, if  t is greater than one, then the efficiency of the EBS increased from year t1 to t and  t measures the contribution of the efficiency increase to the growth in real income generated by the U.S. business sector. These year to year contribution factors are listed in Table 4 along with the (arithmetic) averages of these contribution factors in the last three rows of the Table. 36 The last column in Table 4 gives the product of the real export and real import price contribution factors,  XM t , defined as  XM t   X t  M t . Roughly speaking,  XM t is a terms of trade contribution factor; it gives the contribution to real income growth of the combined effects of real changes in the international prices facing the U.S. business sector. 1988-1999 and 2000-2011. Note that the contribution factors are one plus the growth rates. 37 Ulrich Kohli has pointed out that this is a slight abuse of terminology. Strictly speaking, the terms of trade is the price of exports over the price of imports and hence involves only two prices. Our definition of  XM t involves three prices: the price of exports, the price of imports and the price of domestic consumption. Our terms of trade contribution factor is the rate of change counterpart to Kohli's (2006; 50) (2007) respectively. Using these definitions and cumulating equations (45) leads to the following equations, which explain the cumulative growth in real gross income generated by the Extended Business Sector relative to the base year 1987: 1988, 1989, ... , 2011. The cumulated variables that appear in (46) above are reported in Table 5 below along with the cumulated terms of trade contribution factor, A XM t defined to be the product of the two cumulated international price factors, A X t and A M t . Thus the (gross) real income generated by the U.S. Extended Business Sector grew 1.78 fold over the period 1987-2011. This number factors into the product of the 6 numbers in columns 3-8 of the last row in Table 5 . The biggest explanatory factors are TFP growth with a final cumulated contribution factor equal to 1.318, followed by labor input growth (1.209) and (gross) capital services growth (1.205). The 6 cumulative contribution factors are graphed in Chart 2. Perhaps the most interesting aspect of the Chart is it shows very clearly how growth in labor input went from being the most important contributor to real income growth in the period prior to 2000 to being essentially flat in the post 2000 period.
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There is a problem with the income concept that we used up to this point. The problem is that depreciation payments are part of the user cost of capital for each asset but depreciation does not provide households with any sustainable purchasing power. Hence the measure of real income  t that is used in this section is overstated. In the following section, we implement a more appropriate net real income model.
Explaining Real Income Growth Generated by the Extended Business Sector: the Net Output Approach
The overstatement of income problem that is implicit in the approach used in the previous section can readily be remedied: all we need to do is to take the user cost formula for an asset n that has asset price P Kn t in year t and decompose the user cost into two parts:
 One part that represents depreciation and foreseen obsolescence, P Kn t , and  The remaining part that is the reward for postponing consumption, r t P Kn t .
The depreciation part, P Kn t , will be removed from the user cost and treated as an intermediate input and as an offset to gross investment. 41 We now explain this rather simple idea in more detail below. 3 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 The last column of Table 6 above lists the net productivity levels, TFP t* , for the EBS for the years 1987-2011 and the last column of Table 7 lists (one plus) the annual rates of net productivity growth. The Geometric Average Growth rate for TFP over this period was 1.157% per year, which is quite satisfactory for an advanced country. 48 It can be seen that net TFP for the EBS fell for only 3 years: 1991, 2008 and 2009. The geometric average growth rates for the nominal prices of consumption, domestic production, exports and imports were 2.43%, 2.30%, 1.19%, 1.43% per year respectively. Thus the real prices of exports and imports fell substantially over the sample period, with the price of imports falling more rapidly than the price of exports. Wages increased 3.53% per year while the price of waiting services increased 3.81% per year. Overall, output prices increased 2.25% per year while input prices increased at 3.60% per year, giving rise to an average geometric rate of growth of Net TFP of 1.32% per year, about 0.16 percentage points higher than the corresponding Gross TFP growth rate which was 1.16% per year. From Table 7 , it can be seen that real consumption, Q C t , almost doubled over the sample period; it grew at the Geometric Average Growth rate of 2.85% per year. Domestic net output grew at 2.58% per year, exports at 6.31% per year and imports at 5.55% per year. Labor input grew at an average rate of 1.13% per year, with all of the growth occurring during the first half of the sample period. Waiting services grew at an average rate of 2.59% per year, a bit below the average rate of growth of capital services, which was 2.66% per year. Net output grew at the average rate of 2.59% per year while the corresponding aggregate input grew at 1.25% per year. As was the case for (gross) TFP, net TFP fell for only 3 years in the sample period : 1991, 2008 and 2009. The same translog contributions methodology explained in sections 2 and 3 can be applied to the net output model used in the present section. Our translog model leads to the following counterpart to equation (45) Table 8 below is the net income counterpart to Table 4 in the previous section. The net real income generated by the EBS grew 1.77 fold over the sample period, which is not that different from the gross income growth (1.78 fold). However, as noted earlier, the explanatory factors change considerably when we move from the gross income framework to the net framework: the effects of labor growth and TFP growth become more important and the importance of capital accumulation becomes less important.
The 6 cumulative contribution factors listed in Table 9 are graphed in Chart 3. Chart 3 again shows very clearly how growth in labor input went from being the most important contributor to real income growth in the period prior to 2000 to being essentially flat in the post 2000 period. Comparing Charts 2 and 3 shows the dramatic drop in the contribution of capital accumulation when we move from the gross output framework to the net framework. Chart 3 also shows that the effects of changes in real export or import prices can be important over subperiods; i.e., the contribution of lower import prices during the period 1987-2003 to real income growth is about the same as the contribution of capital growth in the net framework. 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 2 0 0 9 2 0 1 1 T* AD* AX* AM* BL* BK*
Conclusion
There are four major conclusions that we can draw from the above results.
First, using aggregate business sector data to construct top down estimates of Total Factor Productivity growth generates estimates that are above roughly comparable estimates of MFP that are produced by the BLS. However, since the scope of the two measures is not the same, the exact sources of the differences is a topic for further research.
Second, we have shown that the role of explanatory factors for growth in the real income generated by the business sector of the U.S. economy changes substantially when we shift from the standard gross product growth accounting model to a theoretically more appropriate net product growth accounting framework. In general, the main positive drivers of real income growth (growth in labour input, TFP growth and declining real import prices) are magnified but the effects of capital services input growth are greatly diminished when we switch to the net framework as compared to the gross product framework.
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Third, the results presented here show that over short periods of time, changes in the external price environment facing an economy can have substantial effects on living standards.
Finally, there are some data problems which should be addressed in future work on U.S. productivity performance. The BEA provides detailed (quarterly) information on outputs, intermediate inputs and reproducible capital stocks on a timely basis. The BLS provides detailed information on user costs of capital but on an annual basis and with some delay. The BLS also provides the best information on labor input but only at an aggregate level and with some delay. The Board of Governors of the Federal Reserve provides quarterly information on the value of business land but there is no decomposition into price and quantity components. It would be extremely useful if the BEA (perhaps in cooperation with the BLS and the Federal Reserve) could provide more accurate quarterly information on user costs, on labor (by type of labor and by industry) and on land (by industry). If this were done, then quarterly TFP (or MFP) estimates by industry could be produced on a timely basis. This would be of great benefit to governments and economic analysts.
